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Abstract 
This investigation has been carried out to study the influence of extrusion process on microstructure and tensile 
properties of Mg-Mg2Si composite with different amounts of Si (3, 5 and 7wt.%). Microstructural examination was 
carried out using optical microscopy (OM). The cast specimens were extruded at 350 °C at different extrusion ratios 
(6:1, 12:1 and 18:1). The results showed that the specimens with lower Si contents, have higher ultimate tensile 
strength (UTS) and tensile elongation values. Moreover, there was a considerable improvement in tensile properties 
for the specimens extruded with the ratio of 12:1 and 18:1 in comparison to the specimens of 6:1. This can be 
attributed to the significant reduction in size of primary Mg2Si particles from more than 200µm to 20µm, 10µm and 
5µm after extrusion with the ratio of 6:1, 12:1 and 18:1, respectively. The highest UTS values were found to be 265 
MPa for extruded with 1:18 ratio of Mg-3Si composite. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Magnesium alloys have high potential as structural materials because of low density. In last two decades, there 
were significant advances in development of magnesium alloys, Westengen (1991). For example, high heat resisting 
magnesium alloys containing rare earth metals such as gadolinium or terbium, Kamado (1992). But the magnesium 
alloys containing rare earth metals are considered to be high in cost because rare earth metals are very expensive. 
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Some researchers, Beer (1992), determined the properties of as-cast Mg-Si alloys. The Mg-Si alloys have high 
potential as heat resisting alloys because the present of intermetallic compound Mg2Si exhibits a high melting 
temperature, low density, high hardness and a low thermal expansion coefficient. Since Si is much cheaper than the 
rare earth metals, the Mg-Si alloys are of great promise as heat resisting alloys. 
 Microstructural refinement gives rise to improvement of mechanical properties for magnesium. For example, 
yield stress, Lahaie (1992), and elongation to failure, Mabuchi (1994), increase with decreasing grain size of 
magnesium. Extrusion, rolling, forging and so on have been employed as processes to achieve microstructural 
refinements, such as grain refinement, and for a homogeneous distribution of phases for metal matrix composites 
reinforced by the addition of ceramic particulates, McDanels (1985), Pickens (1987). For Mg-Si alloys as well, 
microstructural refinements may be achieved and mechanical properties may be improved by such processes. In this 
work, the influence of extrusion process on microstructure and tensile properties of Mg-Mg2Si composite with 
different amounts of Si (3, 5 and 7wt.%) was investigated. 
2. Experimental 
Industrially pure Mg (99.9%) and Mg-50Si Master alloy metals were used to prepare primary ingots of Mg-
3wt.%Si, Mg-5wt.%Si and  Mg-7wt.%Si alloys. All materials were preheated under inert atmosphere in an electrical 
induction furnace using a 1 kg graphite crucible. Alloys with different compositions were poured into a cast iron 
mold, preheated to 200 °C (fig. 2a). After casting, the alloy billets were cut and machined into 28 mm in length and 
29 mm in diameter in order to fit into the extrusion container. These billets were hot extruded by using a hydraulic 
press at a ram speed of 10 mm/s with the extrusion ratios of 6:1, 12:1 and 18:1 at 350 °C. Extrusion process was 
carried out applying graphite based oil between samples and dies. According to ASTM E8-04 small size, round 
tensile samples were machined along the extrusion direction. Tensile tests were carried out in a computerized testing 
machine (SANTAM-STM20) at a strain rate of 1 mm/min at room temperature. The schematic of a tensile test 
specimen is seen in fig. 1b. Metallographic specimens were also prepared by polishing and etching. Microstructural 
parameters were determined using an optical microscope. 
 
Fig. 1. The schematic of cast iron mold and sketch map of tensile samples. 
3. Results and discussion 
3.1. Microstructural characterization 
Figure 2 shows a typical micrograph of the Mg-Si composite with different amounts of Si in as-cast condition. It 
is seen that the microstructure consists of α-Mg and Mg2Si particles in a matrix of Mg-Mg2Si eutectic network. 
Similar morphology of particles and eutectic Mg2Si has been reported by Mabuchi et al. (1994). As it can be 
observed in Fig. 2a, there are some porosities in as-cast microstructure of the composite. 
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As Fig. 2 shows, the Mg2Si particles are coarse (with more than 200 µm average length) and are not granular in 
shape because of dendritic  structure. It can be seen that volume fraction of Mg2Si particles in matrix is increased by 
adding Si. 
 
 
 
Figure 3 shows the microstructures of Mg2Si particles in matrix of Mg-3%Si alloy after extrusion process. From 
fig. 3, it can be seen that extrusion process alters the morphology of Mg2Si particles and eutectic Mg2Si phase 
significantly. Also, hot extrusion leads to the breakdown of the cast structure and uniform distribution of Mg2Si 
particles in the matrix. More ever, hot extrusion has strong effect in reducing the size of Mg2Si particles and reduces 
the size of porosity signiﬁcantly, Vaziri (2013). As it can be observed, the morphology of eutectic network has been 
changed from lamellar to dot-like by applying hot extrusion process. From comparison between fig. 4a, fig. 4b and 
fig. 4c, it is clear that applying higher extrusion ratios results in smaller intermetallics with finer shape and also 
more homogeneous distribution in matrix. 
 
 
 
Figure 4. and fig. 5 show the effect of applying different ratios of extrusion process on the Mg-Si composite 
containing 5 and 7 wt.% Si, respectively. It is obvious that applying higher extrusion ratios is powerful to make the 
structure with smaller and finer particles and uniform distribution of particles in the matrix. Therefore, extrusion 
process in higher extrusion ratios can be effective in improving mechanical properties of the composite. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Microstructure of as-cast Mg-X wt.%Si composite when X is: (a) 3; (b) 5; (c) 7. 
Fig. 3. Microstructure of extruded Mg-3%Si alloy with (a) 6:1; (b) 12:1; (c) 18:1 extrusion ratios. 
Porosity 
Fig. 4. Microstructure of extruded Mg-5%Si alloy with (a) 6:1; (b) 12:1; (c) 18:1 extrusion ratios. 
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3.2. Tensile Properties 
Figure 6 and fig. 7 show UTS and elongation values of the composite containing different Si contents at different 
extrusion ratios. It can be seen at higher Si content, UTS value shows slight decrement. Also, elongation values 
decreases consequently in the specimens with higher contents of Si. These increment is based on the presence of 
high concentration of Mg2Si particles with high elastic modulus. Although, this can be attributed to the significant 
reduction in size of primary Mg2Si particles from more than 200µm to 20µm, 10µm and 5µm after extrusion with 
the ratio of 6:1, 12:1 and 18:1, respectively. Furthermore, Mg2Si particles are harder than eutectic matrix and they 
can act as reinforcement for strengthening of the composite, in high concentrations they may cause initiation of 
cracks and fast intergranular crack propagation during tensile testing. On the other hand, applying extrusion process 
with higher extrusion ratios causes an improvement in both UTS and elongation values in all specimens. It is due to 
the presence of finer and smaller Mg2Si particles which reinforce the strength of composite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Microstructure of extruded Mg-7%Si alloy with (a) 6:1; (b) 12:1; (c) 18:1 extrusion ratios. 
Fig. 6. Ultimate tensile strength of extruded Mg-Si composite with (a) 3; (b) 5; (c) 7 wt.% Si in different extrusion ratios. 
Fig. 7. Elongation values of extruded Mg-Si composite with (a) 3; (b) 5; (c) 7 wt.% Si in different extrusion ratios. 
a b c 
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4. Conclusions 
The effects of different Si contents and hot-extrusion process on the microstructural and tensile properties of in-
situ Mg– Mg2Si composite were investigated and the following conclusions can be deduced: 
x Extrusion process found to be powerful to introduce fine particles by breaking eutectic network and particles. 
x Existing Si in high concentrations (>3%) in Mg-Si composite decreases UTS and elongation values due to 
initiation of cracks and fast intergranular crack propagation during tensile testing. 
x Applying higher extrusion ratios improves both of UTS and elongation values due to presence of finer and 
smaller Mg2Si particles in the matrix. 
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